Aims: One of the most important causes of mortality is vascular complications resulting from diabetes mellitus. Herbal medicines are commonly used for the treatment of cardiovascular conditions in diabetes. Artemisia annua (A. annua) as a medicinal plant has vasculature protective effects in diabetic rats. In the present study, the role of prostaglandins in the vasodilator effect of A. annua aqueous extract in diabetic rats has been studied. Study Design: This animal study was conducted on diabetic rats. Aqueous extract of Artemisia annua was used for diabetic rats. Then, isolated thoracic aortic rings were exposed to indomethacin and after exposure, the contractile responses were measured. Sadeghimahalli et al.; ARRB, 31(6): 1-10, 2019; Article no.ARRB.49243 2 Methodology: The studied animals were male Wistar rats (n=36) which were randomly divided into intact, untreated-diabetic, and A. annua aqueous extract treated-diabetic groups. For the induction of diabetes, streptozotocin was intraperitoneally (i.p.) administered (60 mg/kg). A. annua extracttreated group received i.p. 100 mg/kg of extract for one month. After one month, the dose contractile response of isolated aortic rings to phenylephrine (doses of 10 -9 -10 -4 mol/L) in the absence and presence of indomethacin as a prostaglandins inhibitor was determined using isolated tissue setup.
INTRODUCTION
Prevalence of diabetes is enhancing globally. Vascular complications in diabetes arise from chronic hyperglycemia which causes mortality in diabetic patients [1, 2] . Some of the vascular complications of diabetes mellitus including the increase in thickness of capillary basement membranes [3] , the decrease in microvessels density [4] , the vascular endothelial cell degeneration [5] , the changes in vascular endothelial responses [6] , the decrease in endothelial capacity for production and release of nitric oxide (NO) in response to free radicals released in the cyclooxygenase pathway [7] .Nowadays, the use of medicinal plants containing flavonoids has been considered due to their therapeutic and pharmacological properties for the treatment and prevention of cardiovascular complications of diabetes [8, 9] . The management of pathological changes in diabetic vascular has been continuing challenge for many decades. Current strategies for drug development are based on prevention of vascular complications. Nowadays, the usage of herbal medicines with their bioactive components provide a promising approach for the debarment and treatment of diabetic vascular complications [1, 10] . Among the medicinal plants, the plant genus Artemisia consists of 1500 diverse species with several healing properties [11] ; one of them is Artemisia annua found in Southeast Asia and north of Iran [12] . The Artemisia plants are rich in bioactive substances that have various effects such as cardiovascular effects. The Artemisia plants can be considered as antihypertensive substance and preventing the vascular damages [13.14-16] . The Artemisia extracts derivatives in acute and sub-chronic exposure, lead to decreasing heart rate and systolic blood pressure [17, 18] . Another species called A. herba-alba, caused smooth muscle relaxation in rabbits [19] . The chemicals isolated from the Artemisia plant were able to inhibit the enzyme monoamine oxidase, which plays a key role in the metabolism of norepinephrine (NE) and epinephrine (EP), leads to vasodilation [20] . Helal et al. had a study on the anti-diabetic effect of this plant. Their results showed that the oral use of the aqueous extract of A. annua was able to reduce blood glucose and lipid profiles in alloxan-induced diabetic animals [21] . Moreover, sub-chronic administration of A. annua aqueous extract reduced plasma glucose in animals and also was able to prevent the aortic contractile response to the alpha-adrenergic agonist [22] . In addition, in our previous study, we investigated the role of NO and intracellular calcium sources in the effect of vasorelaxation of A. annua aqueous extract on isolated aortic responsiveness to phenylephrine in diabetic rats. The results illustrated that the vasodilator effect of this plant was endothelium-dependent through the production or release of NO, as well as inhibiting the release of calcium from intracellular sources [12] . So far a few studies have been conducted on the mechanisms of medicinal plants. Considering the majority of therapeutic aspects of herbal medicines in chronic disorders such as vascular complications of diabetes mellitus and considering the anti-diabetic effect of A. annua aqueous extract, studying its possible mechanisms of vasodilatation would be important. It seems that the cyclooxygenase pathway is a candidate for the vasodilatation effect of this plant as another mechanism. Therefore, in the present study, the role of indomethacin as a cyclooxygenase inhibitor, in the vasodilator effect of aqueous extract of A. annua in diabetic rats was investigated.
MATERIALS AND METHODS

Animals
Male Albino Wistar rats, weighing 220-250 g were obtained from the Pasteur Institute of Iran (Tehran) and were housed in an air-conditioned colony room on a light/dark cycle at 22±3ºC and supplied with a standard pellet diet and tap water. All groups of rats were maintained under standard housing conditions for a period of 4 weeks with free access to food and water. The procedures involving the animals' use and care were approved by the ethics committee of Iran University of Medical Sciences, Tehran, Iran, and conducted in conformity with the National Institutes of Heals Guidelines.
Drugs
Streptozotocin (STZ), Phenylephrine hydrochloride and indomethacin were purchased from Sigma (St. Louis, Mo, USA). All other chemicals were from Merck (Germany).
Preparation of Aqueous Artemisia Extract
The aerial parts of Artemisia annua (Dermaneh) were collected from Babolsar, a city of Mazandaran province, north of Iran, during the late spring season. The plant was taxonomically identified by botanists in the Department of Biology (Tehran University, Iran). The powder of air-dried herb (100 g) was added to one liter of boiled distilled water and kept the temperature at 60ºC for 15 min. Then, it was filtered three times through the filter paper. The obtained liquid was dried at 37ºC until a concentrated residue (62% w/w) was obtained. This stock extract was maintained at -20ºC until being used and it was diluted with normal saline to make the desired concentration [22] .
Experimental Procedures
In the experiment, totally three groups including eight rats in each group were used: Group A) Vehicle-treated intact rats received daily saline (0.5 ml/day) for four weeks. Group B) Vehicletreated diabetic rats received daily saline as a drug solvent (0.5 ml/day) for four weeks. C) Extract-treated diabetic rats received daily Artemisia extract (100 mg/kg/0.5 ml saline) for four weeks.
For diabetes induction, STZ was dissolved freshly in cold normal saline. Then, a single i.p. injection of 60 mg/kg dose of it was performed. After 72 h blood glucose concentrations were measured. The animals which had glucose levels more than 250 mg/dl were considered as diabetic rats.
Body weight and serum glucose of all rats were determined before and 3 weeks after i.p. injection of saline or Artemisia extract (100 mg/kg) [22] .
Preparation of Aortic Rings
The applied procedure has been described before [22] . Briefly, four weeks after the experiment, the animals were anesthetized with diethyl ether and thoracic aortas were excised and trimmed free from adhering fat and connective tissues. Then, the aortic tissues were placed in a Petri dish filled with mol/L) until a maximal response was achieved. After the addition of each dose, a plateau response was obtained before the addition of a subsequent dose. Half an hour after recording the contraction response of aortic rings to phenylephrine (10 -9 -10 -4 mol/L) and washing the rings with and without endothelium, 10µmol of indomethacin (as a cyclooxygenase inhibitor) was added to the organ bath. Then, again the contraction response of aortic rings to phenylephrine was recorded. The contraction response of the aortic rings was digitized online on the computer using isometric transducers (F-60 myograph, Narco-Biosystem) and signals were stored for offline analysis.
Data Analysis
The contractile responses of aortic rings to phenylephrine with or without endothelium were expressed as grams of tension per milligram of tissue. All values were expressed as means ± SEM. Statistical significance was indicated by P<0.05, which was obtained from multiple t-tests.
RESULTS
Body Weight and Serum glucose
Comparing the results of weight and serum glucose from the rats before and after the 4 weeks test indicated that the weight of untreated diabetic rats decreased one month after diabetes induction (P<0.001) but in animals receiving A. annua aqueous extract, the weight of animals increased significantly (P<0.0001). On the other hand, comparison of serum glucose in untreated diabetic animals and diabetic rats treated with aqueous extract of this plant showed that 4 weeks of treatment of animals with A. annua extract significantly reduced the serum glucose level (P<0.0001) ( Table 1) .
The Role of Prostaglandins in Contractile Response of Aorta in Vehicle-treated Rats
To investigate the role of prostaglandins in the contractile response of aortic rings with endothelium and without endothelium, cumulative dose-response curve to phenylephrine at the concentrations of 10 M was significantly increased (P<0.01) (Fig.  1A) . Comparing the contractile response of aortic rings without endothelium before and after adding indomethacin to the organ bath in intact animals receiving the physiological saline for one month showed no significant difference in any of the phenylephrine concentrations (Fig. 1B) .
The Role of Prostaglandins in Aortic Contractile Responses in Vehicletreated Diabetic Rats
The results of the cumulative effect of phenylephrine on contractile response of the aortic rings in untreated diabetic rats receiving saline for one month indicated that before and after adding indomethacin to the organ bath the contractile response of the aortic rings with and without endothelium had no significant difference at any concentrations of phenylephrine ( Fig. 2A  and B ).
The Role of Prostaglandins in the Aortic Contractile Response in Extract-treated Diabetic Rats
Comparison of the contractile response of aortic rings in treated diabetic rats receiving i.p. injection of 100mg/kg of A. annua aqueous extract per day for one month illustrated that the contractile response in the aortic rings with endothelium at concentrations of phenylephrine from 10 -7
M to 10 -4
M had significantly increased (P<0.05-P<0.0001) (Fig. 3A) . Additionally, in diabetic rats treated with aqueous extract of A. annua, after adding indomethacin to the organ bath, there was a significant increase in the contractile response of aortic rings without endothelium (P<0.01-P<0.001) (Fig. 3B ).
DISCUSSION
The present study results indicated that the treatment of diabetic rats with the aqueous extract of A. annua could normalize the plasma glucose and lost body weight which is based on the healing properties of this plant for diabetes mellitus. The results of Helal et al study wereaccording to our results [21] . In the present study, indomethacin in aortic rings with endothelium and not in without endothelium ones in vehicle-treated rats increased the contractile response to phenylephrine, while it had no effect on contractile responses of aortic rings with or without endothelium in diabetic rats. However, in A. annua treated diabetic animals, the contractile response to indomethacin has increased in both with aortic rings and without endothelium ones . Cyclooxygenase pathway products are synthesized in vessels smooth muscles and endothelial cells from arachidonic acid [23] . Thromboxane A 2 released from the vessels endothelial is a vasoconstrictor [24] and prostacyclin (PGI2) is a vasodilator metabolite produced in this pathway from the vessels endothelial and their smooth muscle [23] . Adrenergic agonists in the smooth muscle of the vessels with G-protein stimulation can activate the pathway of cyclooxygenase and cause biosynthesis of vasodilators or vasoconstrictors which depends on the type of the vessels [25, 26] . According to the results of other studies, it has been confirmed that endothelium-derived factors have effects on the contractile response of adrenoceptors [26] . Based on the results obtained in this study, indomethacin did not change the contractile response of aortic rings to phenylephrine in diabetic animals. It is well known that gradually with the progression of diabetes; the vessels lose their normal function and undergo the changes which are partly related to the vascular capacity for the synthesis and release of vasoactive prostanoids [27] . In the diabetic vessels, the balance of PGI2/TXA2 is failed and the synthesis of TXA2 is increased due to increased release of arachidonic acid from platelet phospholipids. Hyperlipidemia in diabetes also increases the production of TXA2 from vascular endothelium, which ultimately causes hypertension, atherosclerosis, and platelet aggregation [28] . The synthesis and release of PGI2 (prostacyclin) from the arachidonic acid was decreased in the aorta of diabetic animals [29, 30] . Reducing prostacyclin synthase activity due to H 2 O 2 produced from endothelium [31] and reducing the available substrate are other causes of decreased prostacyclin synthesis in the diabetic vessels [29] . Based on the present study, it can be mentioned that the aqueous extract of A. annua acts through the cyclooxygenase pathway by increasing vasodilators from both the vessels' smooth muscle and also their endothelium. In our previous study, the vasodilatation mechanisms of this plant extract were investigated in isolated thoracic aorta of diabetic rats [12] . That study displayed that the vasodilation effect of this plant in the presence of L-NAME was significantly reduced. Researchers believe that one of the mechanisms of the vasodilator effects of this plant aqueous extract is endothelium-dependent via increasing the synthesis or release of NO from endothelial cells. The extract probably exerts its effects on diabetic animals by collecting free radicals produced from the endothelium and thereby improving the function of NO [12] . Also, in the other studies, the underlying mechanism of action vasorelaxant effect of A. campestris L. aqueous extract was via calmodulin-NO-cGC-PKG pathway and activation of intracellular calcium mobilization into sarcoplasmic reticulum and via inhibition of Ltype Ca2+ channels and the activation of SERCA pumps of reticulum plasma [10, 14] .
Many studies have shown that the therapeutic properties of medicinal plants are due to the presence of flavonoids which are polyphenols that exert their protective effects on the cardiovascular system through inhibition of platelet aggregation, free radical accumulation, and increased NO production [32] . Most of the flavonoids reduce the contractile response to phenylephrine in aortic rings, and their vasodilatation activity is inhibited in the presence of indomethacin [33] , the same as the present results. The endothelium plays an important role in controlling vascular tonus through the release of vasodilator and vasoconstrictor factors [34] . Unlike the present study results, most of the effects of the flavonoids are only endotheliumdependent. They produce the vasodilatation effect through the production of NO from the endothelium and the increase in vasodilator prostaglandins (PGI2) [9, [35] [36] [37] . While the effects of some of them are independent of the endothelium, they are triggered by the activation of calcium-dependent potassium channels and PCK inhibition [38, 39] . The same as the present study results, some plant extracts such as Ginkgo biloba exert their vasodilator effect through both endothelium-dependently andindependently [40] .
CONCLUSION
According to the present results, since the vasodilator effect of the aqueous extract of A. annua with a concentration of 100 mg/kg was pronounced even after endothelium removal, it can be claimed that the vasorelaxant effects of the A. annua aqueous extract are both indirect (endothelium-dependent) and directly (endothelium-independent). relaxation in aortae from spontaneously diabetic rats. 
